EP 0 106 399 A1

Europaisches Patentamt

0> European Patent Office (1) Publication number: 0 106 399
Office européen des brevets A1l

® EUROPEAN PATENT APPLICATION

@) Application number: 83201416.1 int.ct.: G 09 D 5/00

C 09 D 3/68, C 08 G 63/562
() Date offiling: 04.10.83

Priority: 08.10.82 NL 8203904 @) Applicant: DSM RESINS BV
Ceintuurbaan 5
NL-8022 AW Zwolle{NL)
@ Date of publication of application:
25.04.84 Bulletin 84/17 @ Inventor: Verwer, Andreas Nicolaas Jacobus
Ecrivissestraat 81
Designated Contracting States: NL-6191 CJ Beek (L.}(NL)

AT BE CH DE FR GB IT Ll LU NL SE
@ Inventor: Evers, Johannes Theodorus Matia
Planstenbaan 50
NL-3951 EK Maam({NL)

@ Representative: Leherte, Georges Maurics Lucien
Marie et al,
Octrooibureau DSMP.0.Box 8
NL-8160 MA Geleen{NL)

@ Coating powder.

@ Powdery coating agent, suitable for application in the
inmould coating technique, comprising as the main compo-
nent, besides a curing catalyst and if desired other additives,
a crystalline unsaturated polyester with a melting point of at
least 40°C, a degree of unsaturation of between 1 and 5
moles unsaturation per 1000 g polyester and a viscosity in
the melt at 120°C of at least 1 dPa.s.
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1 AR 3412
COATING POWDER

The invention relates to a powder that can be used to apply a
coating to am object with the in-mould coating process and to the use of
the powder.

This process and powders suitable to be used in this process
are described in US-4,288,113-A and US 4,305,028-A. The powder is
required to be stable in storage without clotting. Moreover, after its
application to the hot wall of the mould, it must flow out well and har-
den quickly. Furthermore, the coating formed must come up to high

standards.

The disadvantage of the known powders to be used in in—mould
coating is that it is impossible with these powders to meet all require-~

ments in full. In particular it is difficult to guarantee the storage
stability of the powder at a temperature of above 20 °C.

The object of the lnventlion 1s to improve the properties of
the powder.

In a powdery coating agent suitable for use in the in-—mould
coating technique, which coating agent has an unsaturated polyester
resin as essential bonding agent and, furthermore, a curing catalyst
and, if so desired, other additives, the maln component of the bonding
agent consists, according to the invention, of a crystalline unsaturated
polyester with a melting point of at least 40 °C, a degree of mmsatura-
tion of between 1 and 5 moles/1000 g pglyester and a viscosity in the
melt at 120 °C of at least 1 dPa.s.

It has been found that by using crystalline unsaturated

polyesters powders can be obtained having an increased storage

stability. In the powder no other or only minimum quantities of other

curable components need be incorporated in order to come to coatings
having good physical properties.

At room temperature almost all unsaturated polyesters which,
for application in coatings, are used as moulding compounds or bonding
agents, are amorphous sollds which yet show a certain degree of

stickiness, however. They do not have a sharp melting point, but & sof-
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tening range. Crystalline unsaturated polyesters are known. Their appli-
cation range is very limited, particularly owing to the poor solubility

in styrene. In literature the use of mixtures of a crystalline and an
amorphous polyester is often described, for instance in moulding
compounds as bonding agent or impregnating resin.

However, when used in powder for in-mould coating definite
advantages present themselves. Thus such a powder based on a crystalline
polyester shows no clotting tendency when stored at room temperature and
continues to be free—~flowing. These favourable properties are retained
also 1f a Jlimited quantity of one or more other unsaturated components
has been mixed into the powder. This makes it possible to influence the
propertieg of the cured coating.

The fact that the polyester has a sharp melting point may alsc be an
advantage in the preparation of the powder. A crystalline unsaturated
polyester is defined here as an unsaturated polyester showing a melting
point to be determined by the capillary method (including also a
melting range covering less than 5 °C), with the polymer changing from
non-transparent into transparent. ’

The polyesters to be used in the invention must show a melting
point of between 40 °C and 175 °C. The melting point is preferably above
50 °C, more particularly above 70 °C. The maximum permissible melting
point depends on the temperature at which the powder will be used. Pre-
ference is given to using a polyester having a melting point about 25 °C
below the processing temperature. The processing temperature may be bet-
ween 75 °C and 200 °C and is in most cases between 100 °C and 160 °C.

The melting points mentioned here and iﬁ the examples have .
been determined by the DTA method at a heating rate of 7.5 °C/minute.
The crystalline unsaturated polyester must have an unsaturation of bet-
ween 1 and 5 moles double bonds per 1000 g polyester. The best results
as far as curing rate and coating properties are concerned are obtained
if the polyester has a degree of unsaturation of between 2.0 and 3.75
moles/1000 g polyester. The viscosity of the crystalline unsaturated
polyester in the melt at 120 °C is to be regarded as an indication of
the molecular weight and of the flow of the powder in the processing.
The polyester must have a viscosity at 120 °C of at least 1 dPa.s, pre-
ferably of at least 15 dPa.s and more specifically of at least 30 dPa.s.
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Generally the viscosity will not be above 200 dPa.s. The viscosity of
higher-melting polyesters ls measured at a temperature 1 to 5 °C above
the melting point.

The erystalline unsaturated polyester can be made in a manner
known in the art by condensation, whether or not in the presence of a
catalyst, of an unsaturated dicarboxylic acid and a diol, usually in
addition also to a saturated or aromatic dicarboxylic acid and
possibly small quantities of monofunctional carboxylic acid or alcohol.
As unsaturated dicarboxylic acid, fumaric acid is used, rather than
maleic acid or the anhydride thereof. As saturated or aromatic dicar—
boxylic acids, compounds having a centre of symmetry are used, such as
oxalic acid, succlnic acid, adipic acid, suberic acid or terephthalie
acid. The diols used are also compounds having a centre of symmetry,
such as ethyleneglycol, 1,4,~-butanediol and 1,6,-hexanediol or the unsa-
turated 2,~butenediol (1,4). Diols contalning an ether bond ara pre-

Terably not used as principal monomer. Furthermore,'minor quantities of

‘monocarboxylic acid, tricarboxylic acid, mono—-alcohol or triol can be

used for the purpose of reaching special effects, provided it involves
no or only little disturbance of the crystallinity. Examples include
abietinic acid, methacrylic acid, benzoie acid, benzylalcohol, etc. The
total quantity of these modifiers remains below 20 Z (wt) and preferably
below 10 7 (wt) calecunlated in respect of the sum of the components.
Halogenated diols and/or halogenated (di)carboxylic acids can likewise
be incorporated in the crystalline polyester in order to give the
coating eventually obtained a certain resistance against fire. The
crystalline polyester preferably conslsts for at least 80 Z (wt) of
units from the group of fumaric acid, symmetric aliphatic
Cy—1p dicarboxylic acids and symmetrie C,_;, aliphatie diols.

The powder according to the invention consists of one or more
(co)polymerizable unsaturated components, which jointly form the bonding
agent, a curing system for the bonding agent and, if so desired, other

non~copolymerizable components such as release agents, flow agents,

plgments, fillers, stabilizers, etc. The bonding agent consists wholly

or mainly of one or more crystalline uﬁsaturated polyesters. The propor— o
tion of these polyesters 1s at least 60 % (wt) and preferably at least s
70 7% (wt) and more in particular at least 85 Z (wt).
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In addition high-boiling (co) polymerizable monomers, prepolymers or
polymers may form part of the bonding agent. The monomers must have a

boiling point of at least 25 °C above the temperature at which the
powder is applied and preferably of above 200 °C. The quantity of mono-
mers to be used is preferably less than 15 Z (wt), particularly less
than 7 % (wt), calculated in respect of the quantity of bonding agent.
The purpose for which such monomers are used is in most cases to
increase the degree of cross—linking. Suitable are, for instance,
triallylcyanurate, triallylisocyanurate, trimethylolpropanetriacrylate
and triallyltrimellitate. An amorphous unsaturated polyester can also be
incorporated in the bonding agent, for instance to inecrease the impact
resistance. Furthermore, polymers having a low molecular weight or oli-
gomers or prepolymers can be incorporated in the bonding agent, for
instance a diallylphthalate prepolymer. Generally, such additional com—
pounds will be used only if they are required to improve the properties
of the coating and in so far as they do not influence the properties of
the powder adversely. )

The coating powder contains s catalyst for the curing of the
unsaturated compounds. Particularly peroxides are used, such as, for
instance, hydroperoxides, ketoneperoxides and peresters.
The quantity of catalyst mostly amounts to between 0.5 and 5 Z (wt)
caleculated in respect of the unsaturated components. In addition a con—
ventional accelerator may be present, for instance a cobalt compound or
a solid amine. The various component parts of the powder can be ground,
separately or mixed together in two or more premixes, to the requiredv
particle size and the powders can then be mixed, or>a11 components can
also be mixed together at a temperature at which all organic compounds
are liquid. Further particulars are mentioned in, inter alia US 4,287,310
and US 4,228,113, When mixing at elevated temperature in the presence of
a peroxide, there may already be a certailn degree of pdlymerization.,.
Such coating powders the components of which have already been subject
to a slight copclymerization also come within the scope of the
invention. The grain size of the powder is generally between 0.01 and
0.20 mm and preferably between 0.03 and 0.08 mm. -

The powder is applied to the wall or walls of a mould, which

have a temperature of between 75 °C and 200 °C and preferably between
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100 °C and 160 °C. The powder melts and forms a continuous layer.
The polymer is allowed to cure to such an extent that the layer can

withstand some mechanical load but is not yet cured completely and
thoroughly, in such a mannér that good adhesion with the polyester
moulding compound is obtained. The powder is applied preferably by
electrostatic spraying. The coating eventually obtained is generally
between 0.05 and 0.8 mm thick. In the half-mould process the object is
obtained by subsequently building up the walls of the object on the
coating by applying, in a plurality of cycles, unsaturated polyester and
glagsfibre, whether mixed or mnot, and allowing them to cure. The wall of
the mould provided with the coating may form part also of a mould in
which objects are made from polyesters at elevated temperature and

pressure via the SMC or BMC moulding techniques or by injection
moulding.

Example 1 -

In a reactor provided with a stirrer 1740 parts by weight
fumaric acid, 438 parts adipic acid and 1800 parts 1,4 butanediol were -
mixed with each other and heated, under exclusion of oxygen, to 210 °C.
The reaction was continued until the reaction mixture had a viscosity of
56 dPa.s (at 120 °C measured with the Nouri v.d. Lande falling ball
method) and an acid number of 20 mg KOH/100 g polyester. The resulting

resin has a degree of unsaturation of 3.9 moles/1000 g polyester and a
melting point of 120 °C (DTA method).

Example 2

A powder suitable for use in in-mould-coating was prepared by
mixing the following components in the melt in parts by weight: 96 parts
crystalline polyester from example I, 4 parts triallylcyanurate, 2 parts
t.butylperbenzoate, 0.4 parts cobaltoctoate, 2 parts zincstearate, 2.5
parts silica and 5 parts imorganic brown pigment. The mixing was
effected at 125 °C in a mixing extruder, in which process the peroxide
was metered just before the discharge aperture. The homogeneous mass was
coocled on a cooling roll and processed to form chipé, which were sub—
sequently ground to form a powder with a dlameter of about 0.05 mm. The

powder could be used successfully in the manufacture of wall elements
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provided with an excellently adhering brown coating, with the technique
described in US patent 4,287,310. The powder could be stored without

objection for at least a month at 20 °C.

Examples III

In the manner described in example I a number of crystalline

unsaturated polyesters were prepared. The monomers used, and their

quantities, in gmoles, are given in the table, as well as the properties

of the resulting products.
Table
Example

phthalic acid anhydride
succinic acid

adipic acid

fumaric acid

1,4, butanediol

1,2, propanediol
diethyleneglycol

1,6, hexanediol
melting point °C
viscosity at 120 °C (dPa.s)
degree of unsaturation
'(mole/1000 g)

III

12
20

118,5

3,5

iv

13
20

104,0
23

3,6

81,0
49
2,5

Vi

15
18

Vil

12
18

89
29

3,6

Viii

- 20

75
100

3,3
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CLAIMS

Powdery coating agent, suitable for application in the in-mould
coating technique, with an unsaturated polyester resin as essential
bonding agent and, furthermore, a curing catalyst and, if so desired,
other additives, characterized in that the main component of the
bonding agent is a crystalline unsaturated polyester with a melting
point of at least 40 °C, a degree of unsaturation of between 1 and 5
moles unsaturation per 1000 g polyester and a viscosity in the melt
at 120 °C of at least 1 dPa.s.
Coating agent according to claim 1, characterized in that the
crystalline polyester has a melting point of at least 50 °C.
Coating agent according to claims 1-2, characterized in that the
crystalline polyester has a melting point of at least 70 °C.
Coating agent according to claims 1-3, characterized in that the
crystalline polyester has a degree of unsaturateion of between 2.0
and 3.75 moles/1000 g. )
Coating agent according to claims 1-4, characterized in that the ‘
crystalline polyester has a viscosity in the melt at 120 °C of at
least 15 dPa.s. .
-Coating agent according to claims 1-5, characterized in that the
polymerizable components thereof consist for at least 85 X by weight
of one or more crystalline unsaturated polyesters.
Coating agent according to claims 1-6, characterized in that the
crystalline polyester is built up for at least 80 % by weight from
units derived from fumaric acid, symmetric aliphatic
Co—172 dicarboxylic acids and symmetric aliphatic Cy_1o diols.
Process for making a polyester object by curing an unsaturated
polyester with fillers and/or reinforcing materials in or on a mould,
in which frocess first the wall(s) of the mould is (are) covered over
its (their) whole surface area or part of its (their) surface area at
a temperature of between 75 °C and 200 °C with a polyester-based
thermosetting coating powder which.flows out and cures to form a
coating, upon which the object itself is mouldéd, characterized in

that a powder according to one or more of claims 1-7 is used as
coating agent.
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9. Coating agent according to claim 1 as described in substance and/or
further elucidated in the examples.

10. Object obtained by applying the process according to claim 8.
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